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分别达到 6800 mg·L1和 5800 mg·L1；以猪粪和混合粪便为原料的沼液氨氮浓度较高，都超过 1800 mg·L1，
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Abstract：Forty-three biogas slurries from household biogas plants using different substrates were collected from 





) and heavy metals were determined. The concentrations of COD in cow dung and straw as raw 
materials were higher than other treatments, reaching 6800 mg·L1 and 5800 mg·L1 respectively. The 
concentrations of NH
+
4-N in pig manure and mix manure were higher than other treatments, reaching more than 
1800 mg·L1.. The concentration of NH
+
4-N in cow dung was significantly lower than that in other materials, with 
the average being 450 mg·L1. Therefore, COD/ NH
+
4 ratio of 15 in the slurry with cow dung as raw material was 
significantly higher than those in other three materials (less than 5). The average PO4
3
 concentrations of all raw 
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different provinces. Environment risk evaluation showed that the pollution in biogas slurries from Yunnan, Henan 
and Hubei was medium and could not be ignored. 
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引  言 
近年来，我国沼气工程在技术水平和规模上发
展迅速。据统计，到 2010年，全国农村户用沼气的


























1  实验材料和方法 




漳州、福建厦门 8个省 12个市的 43个家庭户用沼
气池，样品信息如表 1所示，均采集从出液管流出
的新鲜发酵液。发酵罐的容积数据由所属沼气站 
表 1  家庭户用沼气工程样品信息 
Table 1  Sample information of household biogas 
Sample name Sampling sites Raw material
① Volume/m3 pH
PH1 Pinghu, Zhejiang PM 25 7.3
PH2 Pinghu, Zhejiang PM 25 7.4
PH3 Pinghu, Zhejiang PM 25 7.3
YT2 Yingtan, Jiangxi St+M 8 7.0
YT3 Yingtan, Jiangxi PM 8 6.8
XD1 Xindian, Henan PM 18—24 8.1
XD2 Xindian, Henan PM 18—24 7.8
XD3 Xindian, Henan PM 18—24 8.1
ZY1 Zaoyang, Hubei MM 8 7.9
ZY2 Zaoyang, Hubei PM 8 7.1
ZY4 Zaoyang, Hubei MM 6 7.2
TS1 Tianshui, Gansu PM 55 7.2
TS2 Tianshui, Gansu St+M 10 7.2
TS3 Tianshui, Gansu St+M 10 7.7
TS4 Tianshui, Gansu St+M 10 7.6
TS5 Tianshui, Gansu CD 10 6.9
TS6 Tianshui, Gansu St+M 12 7.6
TS7 Tianshui, Gansu St+M 10 7.4
TS8 Tianshui, Gansu PM 10 7.4
LZ2 Lanzhou, Gansu St+M 10 7.4
LZ3 Lanzhou, Gansu CD 15 8.0
LZ4 Lanzhou, Gansu St+M 10 7.1
XC2 Xichang, Sichuan PM 8 7.3
XC4 Xichang, Sichuan PM 8 8.0
LSJS1 Leshan, Sichuan PM 8 6.9
LSJS3 Leshan, Sichuan MM 8 7.0
LSJS4 Leshan, Sichuan MM 8 7.1
JT2 Jintang, Sichuan PM 8 7.6
JT3 Jintang, Sichuan PM 8 8.0
JT4 Jintang, Sichuan PM 8 7.3
PZ1 Pengzhou, Sichuan St+M 8 8.0
PZ2 Pengzhou, Sichuan PM 8 7.5
PZ3 Pengzhou, Sichuan PM 8 7.7
DY2 Deyang, Sichuan MM 8 7.3
DY3 Deyang, Sichuan PM 8 7.1
DY5 Deyang, Sichuan PM 8 7.5
SLJT1 Shuangliu, Sichuan MM 8 7.6
SLJT2 Shuangliu, Sichuan PM 8 7.7
GJ1 Gejiu, Yunnan PM 8 7.8
GJ2 Gejiu, Yunnan PM 8 9.2
GJ4 Gejiu, Yunnan PM 8 7.3
ZZ Zhangzhou, Fujian PM 9.5—10 7.0
XM1 Xiamen, Fujian MM 12 6.5
①  PM—pig manure, St+M— straw + manure, MM—mixed 
manure, CD—cow dung. 
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提供，在 6～55 m3 不等。发酵系统的运行温度在




沼液预处理：样品于 10000 r·min1离心 10 
min后保存于 20 ml血清瓶中待用。 
1.2  样品分析测试方法 












17378.5－1998 标准，用硝酸（1＋3）浸泡 24 h，
用去离子水清洗三遍，最后超纯水清洗一遍，烘干
备用。 
2  实验结果与讨论 













图 1  不同原料户用沼气池沼液 COD浓度 
Fig.1  COD concentration of household biogas from  
different materials 
CD—cow dung; PM—pig manure; St+M—straw + manure; MM—mix 










饱和吸附量顺序是 CPBF(37.736 mg· g1) > 
YWF(23.256 mg·g1) > WF(20.121 mg·g1) > 































图 2  不同原料户用沼气池沼液氨态氮浓度 
Fig.2  NH
+
4-N concentration of household biogas from 
different materials 
CD—cow dung; PM—pig manure; St+M—straw + manure; MM—mix 
manure; n—number of samples 






































达到 15 左右，而其余三种原料的沼液中 COD/ 
NH
+





图 3  不同原料户用沼气池沼液 COD/ NH
+
4-N比 
Fig.3  COD/ NH
+
4-N of household biogas from different 
materials 
CD—cow dung; PM—pig manure; St+M—straw + manure; MM—mix 
manure; n—number of samples 






































斯班 Oxley Creek 污水处理厂运行鸟粪石工艺使污
水中磷的去除率分别达到 90%、97%和 94%[31-33]。 
 
图 4  不同原料户用沼气池沼液磷酸盐浓度 
Fig.4  PO4
3
 concentration of household biogas from different 
materials 
CD—cow dung; PM—pig manure; St+M—straw + manure; MM—mix 
manure; n—number of samples 
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CD 6873 453 79 this study
 — 243 94 [21] 
 2928 948 375 [34] 
 — 1630 72 [35] 
PM 3657 1879 65 this study
 6727 968 69 [18] 
 2361 915 135 [34] 
 3654 857 129 [34] 
 — 2630 97 [35] 
 — 809 712 [36] 
St+M 5865 1396 43 this study
 — 460 55 [35] 
 — 550 43 [35] 
 — 655 236 [36] 
 — 1517 258 [36] 
MM 4581 1799 63 this study
 — 1680 278 [36] 
 4400 1666 — [37] 




































































表 3  不同原料户用沼气池沼液重金属浓度 
Table 3  Metal concentrations of different raw materials for household 
Raw material As/g·L1 Cd/g·L1 Cr/g·L1 Cu/g·L1 Hg/g·L1 Pb/g·L1 Zn/g·L1 
CD 57.27 2.68 170.03 71.94 2.35 8.33 520.85 
PM 84.54 1.55 37.13 269.33 1.71 8.14 1023.14 
St + M 58.24 2.15 23.55 142.58 2.66 7.69 757.65 
MM 35.49 1.24 24.61 237.28 1.78 5.43 1019.41 
表 4  不同地区户用沼气池沼液重金属浓度 
Table 4  Metal concentrations of different provinces for household 
Province As/g·L1 Cd/g·L1 Cr/g·L1 Cu/g·L1 Hg/g·L1 Pb/g·L1 Zn/g·L1 
Zhejiang 191.88 1.15 24.67 127.69 1.94 4.27 712.93 
Gansu 66.12 2.59 53.11 105.41 2.71 9.07 693.37 
Sichuan 47.65 1.41 29.80 328.58 1.45 5.29 1021.30 
Yunnan 1102.89 1.14 74.86 110.51 2.02 23.79 589.67 
Fujian 11.46 0.16 3.19 53.11 0.80 1.90 473.14 
Jiangxi 17.12 0.85 6.47 64.80 1.69 3.88 828.08 
Henan 128.57 3.53 72.80 516.68 2.95 14.00 1686.30 
Hubei 47.68 2.66 55.40 561.60 2.84 11.19 2718.18 












别列于表 7和表 8中。 





Table 5  Toxic response factors and background reference 






As 10 100 
Cd 30 10 
Cr 2 100 
Cu 5 1000 
Hg 40 1 
Pb 5 100 
Zn 1 2000 
表 6  重金属潜在生态风险系数、风险指数与 
生态危害程度的关系 
Table 6  Relation of potential ecological risk factor and 
potential ecological risk index with ecological risk level 
E
i
r RI Ecological risk level 
E
i
r <35 RI<130 轻微生态危害 
35≤E
i
r <70 130≤RI<260 中等生态危害 
70≤E
i
r <140 260≤RI<520 强生态危害 
140≤E
i
r <280 RI≥520 很强生态危害 
E
i
























来看，云南、河南和湖北的沼液 RI 介于 130～260









度顺序是 ：Hg > As > Cd > Cr > Cu > Pb > Zn。但
表 7  不同原料户用沼气池沼液重金属潜在生态风险系数和风险指数 





As Cd Cr Cu Hg Pb Zn 
RI 
CD 5.73 8.04 3.40 0.36 94.0 0.42 0.26 112.20 
PM 18.18 4.65 0.74 1.35 68.4 0.41 0.51 94.24 
St + M 5.82 6.45 0.47 0.71 106.4 0.38 0.38 120.62 
MM 3.55 3.72 0.49 1.19 71.2 0.27 0.51 80.93 
表 8  不同地区户用沼气池沼液重金属潜在生态风险系数和风险指数 





As Cd Cr Cu Hg Pb Zn 
RI 
Zhejiang 19.19 3.45 0.49 0.64 77.6 0.21 0.36 101.94 
Gansu 6.61 7.77 1.06 0.53 108.4 0.45 0.35 125.17 
Sichuan 4.77 4.23 0.60 1.64 58.0 0.26 0.51 70.01 
Yunnan 110.29 3.42 1.50 0.55 80.8 1.19 0.29 198.04 
Fujian 1.15 0.48 0.06 0.27 32.0 0.10 0.24 34.29 
Jiangxi 1.71 2.55 0.13 0.32 67.6 0.19 0.41 72.92 
Henan 12.86 10.59 1.46 2.58 118.0 0.70 0.84 147.03 
Hubei 4.77 7.98 1.11 2.81 113.6 0.56 1.36 132.18 




































为 43 mg·L1。 
（3）以猪粪为原料的沼液中 Hg 为中等生态危
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